The inhomogeneous microstructure and properties at typical position of an Al-7.7Zn -1.7Mg-1.4Cu-0.11Zr alloy plate in T7651 condition have been investigated using OM, TEM and EBSD analysis, tensile properties testing, conductivity measurement and fracture toughness testing. The results indicate that there are obvious differences in grain morphology, quench-introduced precipitation and recrystallization degree in the two typical positions of near the surface layer (T/8 plane) and in the center (T/2 plane) along the thickness direction of the plate. There appear some amount of quench-introduced precipitates at the T/2 plane of the alloy plate, which improves the electrical conductivity. And there is a higher proportion of the recrystallization organization at the T/2 plane of the alloy plate, seriously affecting its elongation and fracture toughness. Due to without marked characteristic of rolling flow line, the strength at the T/8 plane of the alloy plate is lower. The properties at T/8 plane and at T/2 plane of the alloy plate exhibit a difference of 3~18%. Microstructure inhomogeneity of the alloy plate determines the uniformity of its properties.
INTRODUCTION
The Al-Zn-Mg-Cu (7xxx series) alloy plates have been extensively used in the commercial aircraft structures as well as various critical military vehicles due to their excellent mechanical properties, including high strength, fracture toughness and SCC resistance [1] . Recently, in the aerospace industry there is a trend to the so-called integral structures with the advantage of weight reduction, which requires heavy aluminium plates and forgings with larger cross sections [2] [3] . For ensuring the property consistency of various sites of the integral component, it is desired that various positions within the aluminium alloy products should possess highly homogeneous properties. To meet the stringent property requirements in the center _______________________ of the thick sections, some novel alloys -such as AA7X40, AA7X85, AA7X81, AA7037 and AA7047 -have been recently developed for this application [4] [5] [6] . Particularly, AA7X85 and AA7X81 have even lower quenching sensitivity and a much higher strength-toughness combination. To achieve optimized performance, a novel Al-Zn-Mg-Cu alloy has been developed [7] [8] [9] [10] [11] . Due to inappropriate process of deformation and heat treatment, there appeared significant differences for the properties of the alloy plate in the thickness direction. The objective of this investigation was to characterize the microstructure and find the relationship between the properties and microstructure at typical position of the alloy plate in T7651 condition, providing to the experimental basis to improve the uniformity of microstructure and properties of the alloy plate.
EXPERIMENTAL PROCEDURES
The experimental materials were received in 120 mm thick plate in the T7651 condition with a composition of Al-7.7Zn-1.7Mg-1.4Cu-0.11Zr, 0.07Fe, 0.03Si (wt%). The alloy plate was manufactured by the combination deformation means of forging and rolling. The blocks used in this research work were cut from near the surface layer (T/8 plane) and in the center (T/2 plane) along the thickness direction of a same plate, and subjected to OM, TEM and EBSD analysis and varied properties test.
Optical microscopy was used to characterize grain structure and precipitates, Samples for OM examination were cut from the plate in three-dimensional in (L-LT-ST) direction, mechanically polished and etched in Graff Sargent's reagent (1% HF, 16%HNO 3 , 83% H 2 O, 3.5g CrO 3 ) and examined in AXIOVERT 200 MAT. Samples for EBSD measurement were mechanically polished followed by electro-polishing using 10 vol.% HClO 4 acids in alcohol followed by examined and analyzed in a HKL Channel 5 software in a LEO-1450 electron probe with an accelerating voltage of 15 kV. Specimens for TEM were thinned by electro-polishing using a twin-jet polisher with a 30% nitric acid solution in methanol at -35°C and 15~18 V. The specimens were examined in bright field (BF) imaging modes in a JEOL 2010FX microscope, operating at an accelerating voltage of 200 kV. The tensile properties (according to GB/T 228), electrical conductivity (%IACS, according to GB/T 12966) and Fracture toughness (K IC , according to GB/T 4161) of the alloy plate were determined. Each datum is the average of at least three samples.
RESULTS AND DISCUSSION
Microstructure. Fig.1 shows the optical micrographs of the alloy plate in T7651 condition. It is observed that the grain structure of both in the center (T/2 plane) and near the surface layer (T/8 plane) along the thickness is elongated in L and LT directions. The spatial morphology of grain structure is significantly different along the thickness of the plate; the grains in the center along the thickness are flatter than that near the surface layer due to severe degree of deformation. And there are coarse particles present in the plate, which are Al 7 Cu 2 Fe phases based on SEM analysis. Fig.2 further shows TEM micrographs of microstructure of the alloy plate in T7651 condition along the thickness direction. In Fig.2 (a) and (c) , dark round or rod precipitates with a diameter of 3~15 nm are observed inside grain in BF images. From the SAED patterns, as shown in Fig.2(b) , the diffraction features of the η′ phases were clearly observed, such as some diffraction spots and stronger streaks along {111}direction at 1/3 and 2/3 of the {220} positions in [112] Al direction. Some of the spots were caused by the diffraction of η phases. And diffraction spots near 1/2 {311} in [112] Al direction associated with the GPII zones were faintly observed. It also can be noted that the presence of sharp diffraction spots at {110} positions in [112] Al direction, which are associated with spherical Al 3 Zr dispersoids [12] . Though the alloy is a kind of aluminium alloy with low quenching sensitivity, due to the actual quenching rate is lower, it is observed there was some amount of quench-induced precipitates existing in the center layer of the plate (as shown in Fig.2(d) ), while which was not found in the near surface layer of the plate, which can improve the electrical conductivity of the alloy plate, but significantly reduce its strength. According to the results of previous studies [11] , the quench-introduced precipitate is η phase. And it also can be found that the precipitates nucleated on Al 3 Zr dispersoids. Fig.3(a) ). And the substructure grains are dominant in near surface layer of the alloy plate (as shown in Fig.3(b) ). The volume fraction of recrystallized grains in the center (T/2 plane) is higher than that in the near surface layer obviously. The grain boundaries of recrystallized grains are as the weak interface, they are easy to become the path of crack propagation, which seriously affect the elongation and fracture toughness of the alloy plate. To sum up, there are obvious differences in recrystallization degree and subgrain morphology and dimension in feature position of the plate, resulting in the performance differences along the thickness direction of the alloy plate, which need further efforts to improve the uniformity of microstructure during deformation. Properties. The tensile properties, fracture toughness properties and electrical conductivity values of the alloy plate in T7651 condition are given in Table 1 . It is found that the position near the surface layer (T/8 plane) of the alloy plate exhibit a relatively good combination of strength and fracture toughness and corrosion
Al 3 Zr η
properties; the position in the center (T/2 plane) present higher strength and electrical conductivity, but are not up to the requirement of fracture toughness. The maximum difference of the UTS, TYS, elongation, electrical conductivity and K IC values is 34 MPa, 32 MPa, 2.7%, 1.1%IACS, 5.9 MPa.m 1/2 , respectively. The properties near the surface layer and in the center of the alloy plate exhibit a difference of 3~18%, which reveal that the alloy plate has an inhomogeneous performance. Fig .4 shows properties profiles for the plate with a thickness of 120 mm along the thickness direction. It can be found that the yield strength of the plate with 120mm thickness in T7651 condition varies more than 5% along the thickness direction, which further reveal that the alloy has a relatively uneven properties. 
SUMMARY
The inhomogeneous microstructure and properties at typical position of an Al-7.7Zn-1.7Mg-1.4Cu -0.11Zr alloy plate in T7651 condition have been investigated using OM, TEM and EBSD analysis, tensile properties testing, conductivity measurement and fracture toughness testing. The results indicate that there are obvious differences in grain morphology, quench-introduced precipitation and recrystallization degree in the two typical positions of near the surface layer (T/8 plane) and in the center (T/2 plane) along the thickness direction of the plate. Due to the lower quenching rate, there appears some amount of quench-introduced η precipitates nucleated on Al 3 Zr dispersoids in the center more than that in the surface layer of the alloy plate, which improves its electrical conductivity. And there is a higher proportion of the recrystallization organization at the T/2 plane of the alloy plate, seriously affecting its elongation and fracture toughness, which are not up to the requirements of the alloy plate. Due to without marked characteristic of rolling flow line, the strength at the T/8 plane of the alloy plate is lower. The properties at T/8 plane and at T/2 plane of the alloy plate exhibit a difference of 3~18%. Microstructure inhomogeneity of the alloy plate determines the uniformity of its properties.
